Accumulation of the nucleoprotein of vesicular stomatitis virus (VSV) in the cytoplasm of BHK-21 cells and in two of four human cell lines was demonstrated. Appearance and progression of the nucleoprotein inclusions paralleled development of virus-specific immunofluorescence and production of virus progeny. The inclusions appeared early as discrete foci of filamentous material which eventually increased in size to form large masses which replaced normal cytoplasmic constituents. The filamentous strands were found in close proximity to budding virions. The inclusion material was extracted from infected cells and purified in cesium chloride gradients. The isolated filaments resembled the ribonucleoprotein isolated from purified virions. They incorporated 3H-uridine, exhibited virus-specific complementfixing activity, had a buoyant density of 1.32 g/cm3, and appeared as single wavy strands the width of which varied from 2.5 to 8.5 nm, depending on the angle of viewing.
The morphology of vesicular stomatitis virus (VSV) has been investigated extensively (6, 8, 10, 14, 17) . The ribonucleoprotein of the virus, which is contained in the virion in helical form, has also been analyzed for its morphological, physical, and chemical properties (2, 13, 15, 19, 21) . Little is known, however, about the morphogenesis of the ribonucleoprotein of this virus.
Studies concerned with the morphogenesis of the ribonucleoprotein of rabies, a virus morphologically similar to VSV, have shown that accumulation of the ribonucleoprotein as cytoplasmic inclusions is a regular occurrence. It has also been found that the size of these inclusions depended on the strain of rabies virus employed and the type of host cell used for infection (11) . The finding of "rabies-like" inclusions in VSV-infected calf kidney cells (17) suggested that the morphogenesis of the ribonucleoprotein of VSV also might be readily investigated, depending on the host cell used.
The present studies were undertaken, therefore, infected at a multiplicity of 10 in the medium described above. Virus was allowed to adsorb for 1 hr at 37 C, the monolayers were rinsed twice with HBSS, and fresh medium was added. The cultures were incubated at 37 C and harvested at given intervals.
For infection of lymphoblastoid cells, 10 Electron microscopy. At the predetermined intervals, the medium was decanted from the cultures, the cells were washed with phosphate-buffered saline, and 1% phosphate-buffered osmic acid was added. After 5 min, cells were scraped into the fixative bv means of a rubber policeman and were pelleted. The cell pellet was dehydrated in ethyl alcohol and embedded in epoxy resin. Thin sections were stained with lead citrate and uranyl acetate and examined in a Siemens Elmiskop at a magnification of X 10,500.
For examination by negative contrast, a drop of the dialyzed material was transferred to a carboncoated Formvar grid by means of a platinum loop. A drop of pho3photungstic acid (pH 6.8) was added to this and the excess fluid removed by filter paper. The preparation was transferred into the electron microscope, while still moist, and viewed at a magnification of X53,500.
RESULTS
Preliminary screening of cells. Four human cell lines, two monolayer, and two suspension cultures, as well as BHK-21 cells were infected with VSV at a multiplicity of 10. Table 1 summarizes the results obtained. Infectivity titrations, immunofluorescence, and thin-section electron microscopy were carried out 18 hr after infection. Although all cell lines tested produced viral antigens and infectious progeny, cytoplasmic inclusions were found only in SK-L1, RPMI-6410, and BHK-21 cells. Figure 1 is representative of the appearance of the inclusions 18 hr after infection with VSV. The major portion of the cytoplasm has been replaced by filamentous material. Normal cytoplasmic organelles were displaced and the filaments were found throughout the cytoplasm and in proximity to membranes from which virus could be seen budding.
Growth of VSV in BHK-21 and RPMI-6410 The results paralleled those found using immunofluorescence (Fig. 2) . In thin sections of cells 3 hr after infection, no inclusion formation nor virus reproduction were found. At 4 hr after infection, discrete foci of granular material (Fig. 3) could be seen in about 20 to 30% of the cells. The early inclusions appeared as areas of increased electron density readily distinguishable from the surrounding normal cytoplasm. At 5 to 6 hr after infection, a considerable number of cells contained these inclusions. Homogeneous masses composed of filamentous material could be found throughout the cytoplasm (Fig. 4) ; the inclusions were moderately electron dense, of varying size, and replaced the normal cytoplasmic constituents. Clusters of membrane-bound virus particles were found within or in close proximity to the inclusions. Virus particles also were seen budding from the surface membranes or into cytoplasmic vacuoles with filaments of the inclusions in close proximity (Fig. 5) . A suggested relationship of the filamentous strands to the budding virus particles can be seen in Fig. 6 . From 6 to 8 hr after infection, the morphological changes were enhanced and characterized by the formation in the cytoplasm of large areas of these filamentous masses which replaced normal cytoplasmic constituents, similar to that seen at 18 hr after infection (Fig. 1) . The inclusions were not limited by membranes.
Neutralization of VSV with rabbit anti-VSV serum, before infection of cells, prevented formation of inclusions and production of infectious virus, as tested 8 and 18 hr after infection. Isolation and identification of inclusion material. To relate the structures observed on thin sections of infected cells to the ribonucleoprotein of VSV, the material was extracted from the cells and subjected to various procedures for identification.
BHK-21 cells treated with 1 jig of actinomycin D per ml, infected with VSV, and labeled with 3H-uridine were treated as previously described. After equilibrium centrifugation of the extracted material in CsCI for 24 hr, fractions were collected, and absorbancy and total counts were determined. The fraction containing the coincident peak of absorbency at 260 nm and radioactivity was dialyzed overnight at 4 C against NT buffer. Examination of this fraction by negativecontrast staining revealed the presence of singlestranded filaments. These filaments were further purified by recentrifugation to equilibrium in CsCl. Fractions were collected, the optical density at 260 nm, total radioactive counts, CF activity, and the density are shown in Fig. 7 that of the radioactivity incorporated into the filamentous component. A small contribution to absorbency and radioactivity was also seen in fractions 10 and 12, respectively. The buoyant density of the isolated strands (fraction 11) was 1.32 g/cm3, as determined in repeated experiments. The virus-specific nature of the isolated strands was demonstrated by complement fixation by using specific anti-VSV mouse ascites fluids. The peak CF activity of 256 units/1.0 ml (fraction 11) coincided with the peak of absorbency and radioactivity. Fractions 10 and 12 each displayed 16 units of CF activity, whereas all other fractions were negative. Examination of fractions 10, 11, and 12 by negative-contrast staining revealed the presence of single-stranded filaments. The strands isolated in fraction 11 are illustrated in Fig. 8A . Whether examined after the first or second banding in CsCl, they were always found as single strands. These were either loosely coiled or completely unwound and occasionally looped back on themselves. In none of the preparations examined were tightly coiled helices found. Occasionally, single stretched strands could be found that had an undulating appearance (Fig. 8B) , the width of which varied from 2.5 to 8.5 nm, depending on the angle of viewing. Size variations were probably due to the geometry of the subunits which may be either rectangular or elliptical. The ultraviolet-adsorption spectrum of the filamentous strands is shown in Fig. 9 The nucleoprotein of VSV appeared to be much less structured than that of the tightly coiled helices of SV5 nucleocapsids isolated from infected cells (4). However, it was morphologically similar to rabies virus nucleocapsids (20) . Simpson and Hauser (19) and Nakai and Howatson (15) 
